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Abstract 
Cr doped CdO thin films were deposited on glass substrates by DC reactive magnetron sputtering method by varying oxygen 
flow rates from 1 to 4 sccm. XRD spectra shows that the films exhibit a simple cubic crystal structure with preferred orientation 
along (111) direction. FESEM images of Cr doped CdO thin films exhibits columnar structure and the grain width decreases with 
the increase of oxygen flow rate. Atomic force microscopy was used to examine the surface topography of the films. The average 
roughness and rms roughness for Cr doped CdO thin film deposited at oxygen flow rate of 2 sccm are 3.28 nm and 5.47 nm. The 
four-probe method was employed to determine the electrical resistivity of the films. The minimum resistivity of 4.47 x 10-4 
Ω.cm, high optical transmittance of 90 % and carrier concentration of 1.36 x 1020 cm-3 are obtained for Cr doped CdO thin film 
deposited at oxygen flow rate of 2 sccm.  
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1. Introduction 
Cadmium oxide (CdO) is one of the promising II-IV compound semiconductors that have great potential for 
optoelectronic devices (Gulino and Tabbi (2005)). CdO is an n-type degenerate semiconductor with a simple cubic 
structure having direct band gap of 2.2-2.7 eV and two indirect band gaps of 1.18-1.20 eV and 0.8-1.12 eV (Azizar 
Rahman and Khan (2014)). The high optical transmittance, carrier mobility and conductivity makes the CdO thin 
films useful for various applications like solar cells, gas sensors, photo-transistors, photodiodes, transparent 
electrodes, liquid crystal displays and anti reflection coatings (Saha et al. (2007)). The optoelectronic properties of 
CdO thin films could be controlled by doping with different metallic ions. It was found that dopant ions of smaller 
radius than that of Cd2+(0.097 nm) could improve its electrical conductivity and increase its optical band gap 
(Dakhel (2009), Hymavathi et al. (2014)). However, doping of CdO with ions of much smaller radius like chromium 
(0.069 nm) has not yet been investigated. CdO thin films have been prepared by various physical and chemical 
methods such as thermal evaporation, sputtering, pulsed laser deposition, sol-gel, chemical bath deposition, 
successive ionic layer adsorption and reaction, and spray pyrolysis (Yakuphanoglu (2010)). Among these DC 
reactive magnetron sputtering offers good control of the films composition because of high deposition rates. High 
deposition rates minimize the target poisoning effects during reactive sputtering. In this investigation, Cr doped CdO 
thin films were grown by DC reactive magnetron sputtering method at various oxygen flow rates and we studied the 
influence of oxygen flow rate on the structural, electrical and optical properties. 
2. Experimental details 
Cr doped CdO thin films were prepared by DC reactive magnetron sputtering technique at different oxygen flow 
rates. High purity of Cd (99.99%) and Cr (99.99%) targets with 2 inch diameter and 4 mm thickness are used for 
deposition on glass substrates. The base pressure in chamber was 4.2 x 10-6 Torr and the distance between target and 
substrate were set at 60 mm. The glass substrates were ultrasonically cleaned in acetone and ethanol, rinsed in an 
ultrasonic bath in deionized water for 15 min, with subsequent drying in an oven before deposition. High purity 
(99.99%) Ar and O2 gas was introduced into the chamber and was metered by mass flow controllers (Model GFC 17, 
Aalborg, Germany) for a flow rate fixed at 30 sccm (standard cubic centimeter) for Ar and 1-4 sccm for O2. 
Deposition was carried out at a working pressure of 2 mTorr after pre-sputtering with argon for 10 min. The DC 
sputtering power maintained at the time of deposition for Cd target is 100 W and 40 W for Cr target. Film thickness 
was measured by Talysurf thickness profilometer. The resulting thickness of the films is found to be ~ 300-350 nm. 
X-ray diffraction (XRD) patterns of the films were recorded with the help of Philips (PW 1830) X-ray diffractometer 
using CuKα radiation. The tube was operated at 30 KV, 20 mA with the scanning speed of 0.03(2θ)/sec. Surface 
morphology of the samples has been studied using HITACHI S-3400 Field Emission Scanning Electron Microscope 
(FESEM) with Energy Dispersive Spectrum (EDS). EDS is carried out for the elemental analysis of prepared thin 
film samples. Surface topography of the films have been studied using AFM (Park XE-100: Atomic Force 
Microscopy).The electrical resistivity of the films (ρ) was measured using the four-point probe method. Optical 
transmittance of the films was recorded as a function of wavelength in the range of 300 – 1200 nm using JASCO 
Model V-670 UV-Vis-NIR spectrophotometer (Japan). 
3. Results and discussion 
3.1. Structural and morphological properties 
XRD patterns of Cr doped CdO thin films deposited by varying oxygen flow rates from 1 to 4 sccm are shown in 
Fig. 1. It revealed that the films are polycrystalline in nature with cubic structure. The films exhibit predominantly a 
(1 1 1) orientation which is in accordance with the reports on activated reactive evaporation and DC sputtering 
(Armstrong and Karceff (1999), Calnon and Tiwari (2000)). It also exhibits the peaks with (2 0 0) and (2 2 0) 
orientations with small intensities. The intensity of the peak (2 0 0) decreases with the increase of oxygen flow rate 
from 1 to 4 sccm. A small shift in the diffraction peaks towards the lower angles is observed due to the stress 
developed in the films. It is also observed that the intensity of the peak (1 1 1) increases, while the peak width 
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decreases with the increase of the oxygen flow rate. The average crystallite size (D) of Cr doped CdO thin films is 
estimated from Scherrer’s formula (Cullity (1978)). The crystallite size of Cr doped CdO thin films decreased from 
48 to 32 nm with the increase of oxygen flow rate from 1 to 4 sccm. The results obtained are in good agreement with 
the previous reported literature (Young-Soon Kim et al. (2003)). 
 
 
           Fig. 1. XRD spectra of Cr doped CdO thin films deposited at different oxygen flow rates. 
The lattice parameter (a) of Cr doped CdO thin films was evaluated from the XRD data, which increases from 
0.4694 to 0.4740 nm with the increase of oxygen flow rate. The origin of microstrain is related to the lattice misfit 
which in turn depends upon the deposition conditions. A dislocation is an imperfection in a crystal associated with 
the misregistry of the lattice in one part of the crystal with that in another part. In fact, the growth mechanism 
involving dislocation is a matter of importance. Unlike vacancies and interstitial atoms, dislocations are not 
equilibrium imperfections, i.e. thermodynamic considerations are insufficient to account for their existence in the 
observed densities. In fact, the growth mechanism involving dislocation is a matter of importance. In the present 
study, the microstrain (ε) and dislocation density (δ) are calculated from the relations (Dhivya et al. (2014))   
 
                                                                            
β cosθε = 
4
                                                                             (1) 
             
where β is the full width at half maximum of (1 1 1) peak,  θ is the diffracted angle and  
 
                                                     2
nδ = 
D
                                                                                  (2) 
 
where n is a factor, which is equal to unity gives the minimum dislocation density and D is the average crystallite 
size. The microstrain values increases from 0.193 x 10-3 to 0.228 x 10-3 lin-2.m-4 with the increase of oxygen flow 
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rate from 1 to 4 sccm. The dislocation density (δ) values are found to be varying from 0.43 x 1015 to 0.97 x 1015 
lin.m-2 with the increase of oxygen flow rate from 1 to 4 sccm. The microstructural parameters of Cr doped CdO 
thin films are given in Table 1. 
                   Table 1. Microstructural parameters of Cr doped CdO films deposited at different oxygen flow rates 
Oxygen 
flow rate 
(sccm) 
FWHM, β 
(degrees) 
d-spacing    
(nm) 
Lattice 
constant, a 
(nm) 
Crystallite 
size,  D 
(nm) 
Micro strain, ε 
x 10-3  
(lin-2. m-4) 
Dislocation  
density, δ 
x 1015 (lin.m-2) 
1 0.809 0.2710 0.4694 48 0.193 0.43 
2 0.819 0.2718 0.4708 43 0.197 0.54 
3 0.880 0.2727 0.4724 38 0.215 0.70 
4 0.926 0.2736 0.4740 32 0.228 0.97 
 
FESEM images of Cr doped CdO thin films deposited at different oxygen flow rates are shown in Fig. 2. All 
films have columnar structure and the grain width decreases as the oxygen flow rate increases from 1 to 4 sccm. All 
the films grow mainly with columnar grains perpendicular to the substrate and some granular grains also exist in the 
films. The compositional analysis of the films was determined by using energy dispersive spectrum of X-rays. The 
relative compositions for Cr doped CdO thin films deposited at oxygen flow rates of 1, 2, 3 and 4 sccm are in an 
atomic ratio of Cd/O/Cr are 59.52/37.46/3.02%, 58.86/38.18/2.96%, 54.18/42.78/3.04% and 52.34/44.64 /3.02 %. 
 
 
    Fig. 2. FESEM images of Cr doped CdO thin films deposited at different oxygen flow rates. 
Atomic force microscopy (AFM) was used to examine the surface topography of the thin films. The AFM 
images (2D and 3D) of Cr doped CdO thin film deposited at oxygen flow rate of 2 sccm is shown in Fig. 3(a) and 
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3(b). The images show the growth of columnar grains perpendicular to the substrate. Also, flat and dense surface 
topography with high grain size was observed for the film prepared at oxygen flow rate of 2 sccm. The average 
roughness and rms roughness for Cr doped CdO thin film deposited at oxygen flow rate of 2 sccm are 3.28 nm and 
5.47 nm. 
 
 
    Fig. 3. (a) 2D and (b) 3D topographic AFM images of Cr doped CdO thin film deposited at oxygen flow rate of 2 sccm. 
3.2. Electrical studies 
Four probe method was employed to determine the electrical resistivity of the films. The resistivity increases 
from 3.05 x 10-4 to 6.26 x 10-4 Ω.cm with the increase of oxygen flow rate from 1 to 4 sccm as shown in Fig. 4.  The 
increase of resistivity is due to the decrease of interstitial cadmium atoms and/or oxygen vacancies. It is known that 
the electrical resistivity of Cr doped CdO thin films is related to the variation in the carrier concentration and 
mobility of the films, which in turn is related to the variation of oxygen vacancies and interstitials cadmium.  
 
 
       Fig. 4. Variation of electrical resistivity of Cr doped CdO films as a function of oxygen flow rate. 
The carrier concentration and mobility of the films are determined from the equations as reported in the earlier 
literature (Vijayan et al.(2009)). The carrier concentration of the films decreased from 1.41 x 1020 to 1.23 x 1020 cm-3 
with the increase of oxygen flow rate from 1 to 4 sccm. The higher concentration in the films at low oxygen flow 
rate is due to the present of cadmium interstitials in addition to the oxygen vacancies. The carrier mobility of the 
films decreases from 42 to 22 cm2 V-1 s-1 with the increase of oxygen flow rate from 1 to 4 sccm. The decrease of 
carrier mobility with the increase of oxygen flow rate indicates that additional scattering centers must be introduced 
for the films deposited at higher oxygen flow rate, such as neutralized donors (Lamb and Irvine (2011)). 
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3.3. Optical properties 
The optical transmittance spectra of Cr doped CdO thin films deposited at different oxygen flow rates is shown 
in Fig. 5. An average transmittance of 65 to 92 % was obtained for all the films in the wavelength ranging from 500 
to 800 nm. The transmittance of the films increases as the oxygen flow rate increases which is a result of the 
improved stoichiometry of the films or lowered intrinsic defects density deposited at higher oxygen flow rate (Kim 
et al. (2010)). The film thickness decreased with the increase of oxygen flow rate which was due to the oxidation of 
the target material and the resultant low sputtering yield of the metal oxide (Subramanyam et al. (1998)).   
The analysis of the dependence of absorption coefficient (α) on photon energy (hν) is performed to obtain the 
detailed information about the energy band gaps of the films. The optical band gap is calculated from the 
relationship between absorption coefficient and photon energy (Rajesh Kumar and Subba Rao (2012))  
 
                                                                      1/2g(αhν) = B (hν - E )                                                                           (3) 
 
where α is the optical absorption coefficient, hν is the photon energy, Eg is the optical band gap, and B is a 
constant. We have calculated the direct optical band gap from (αhν)2 vs hν plot by extrapolating the linear portion of 
the graph to hν axis (shown in Fig. 6). The intercept on the hν axis determines the direct optical band gap. The 
optical band gap increases from 2.76 to 2.83 eV with the increase of oxygen flow rate from 1 to 4 sccm. A blue shift 
of the band edge has been observed for the Cr doped CdO films with the increase of oxygen flow rate. This blue 
shift is due to Burstein-Moss effect (Burstein (1954)), which arises due to increase in free carrier concentration.  
 
 
Fig. 5. Optical transmittance of Cr doped CdO films as a function of oxygen flow rate. 
 
Fig. 6. Plot of (αhν)2 with photon energy (hν) for Cr doped CdO films formed at different oxygen flow rates. 
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The optical constants such as absorption coefficient (α), extinction coefficient (k) and refractive index (n) are 
determined from the equations as reported in the previous literature (Rajesh Kumar and Subba Rao (2013)). The 
absorption coefficient (α) values for Cr doped CdO films are found to be increase from 2.46 x 104 to 7.63 x 104 cm-1 
with the increase of oxygen flow rate from 1 to 4 sccm. The extinction coefficient (k) values also increases from 
0.018 to 0.041 with the increase of oxygen flow rate. The refractive index (n) increases from 1.71 to 2.15 with the 
increase of oxygen flow rates from 1 to 4 sccm. The increase in the refractive index of the films is due to increase of 
density of the films. 
4. Conclusions 
Cr doped CdO thin films with preferred orientation along (1 1 1) direction have been prepared on glass substrates 
by DC reactive magnetron sputtering method by varying oxygen flow rates from 1 to 4 sccm. FESEM images of 
films had a columnar structure and the grain width decreases with the increase of oxygen flow rate. The minimum 
resistivity of 4.47 x 10-4 Ω.cm, high optical transmittance of 90 % and carrier concentration of 1.36 x 1020 cm-3 is 
obtained for the film deposited at oxygen flow rate of 2 sccm. These low electrical resistivity and high optical 
transmittance enable the Cr doped CdO thin films is a promising candidate for future optoelectronic applications.  
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